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(57) Abstract 

This invention relates to an Improved 
shock-absorber device (6) comprising numerous 
small hollow flexible waUcd bodies which 
are preferably at least paritally gas-filled and 
are suspended in a liquid or gel medium and 
confined by a flexible walled vessel (1) or piston 
and cylinder arrangement The device reduces 
the energy of impacts and also exploits the 
hydraulic properties of liquids to spread the force 
of an impact over a wider area. Many variations 
of the device of interest to travel, sports, medical, 
manufacturing and civil engineering industries 
are described. It offers a novel solution to the 
problem of exploding fuel tanks in aircraft and 
new methods of improving safety and comfort 
in motor vehicles. A **smart*' active version of 
the device b also proposed. 
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Device incorporating elastic fluids and viscous dampinR 
Technical Field 

This invention relates to tmprovemems in elastic materials which offer viscous darrpng as used as shock 
atjsorbers to neiflralise the undesrable effects of impaa forces or vit)rations on bodies or machinery. 

According to the present invention there is provided a device for at>sorbtng the unwanted energy of 
impulses or vitxalions consisting of a moveable watted vessel or bladder enclosing an el^^ 
which exhbits viscous damping properties, the materia! comprising a plurality of capsules made from 
resllent material or including riasiient materials and immersed in a liquid, grease or jelly medium so that 
when the pressure in the mediOT increases this pressure increase is hydrauficalty transmitted to the 
capsules causbg a decrease in the volume of the resilient material and a spatial redistrtoution of the 
medium. 

Background Art 

The known method of absorbing the unwarned energy of impact forces or vixattons Is to absorb It using 
contoinations of springs and dashpots or thefe- mathematteal equivalents such as visco^lastic solids. The 
alerrative to absortJing energy is to use a hydraulic means to dtkite the pressure of an impact force by 
spreading it over a wWe area of the body being protected. The inverti^ thispaierrt 
application is a device which can combine the energy dissipatton benefits of ^xing-dashpcrt systems with 
the pressure reductkm benefils of hydrauBc systems. 

A United K^igdom Patertt Office Search and Advisory Servtee Search Report commisstoned by the 
United Kingdom Department of Trade and Industry in relatk>n to an applicatton for govOTiment SMAFIT 
funding has been obtained. (SAS r^ence Z7231, April 1996) 
The subiect of the search was: 

"A snock-absorber comprising numerous smaii hollow Hoidble wallod bodies which 

are at least parti^gaS'flBedmKi are suspended in a Squki or 

by a flexa^ie waged vessel.* 
Only one document, a Japanese patent applicatkm JP 61051 782A was consklered to be possibly 
relevant. A subsequent translatk»i of the document into Engfeh indtoated that the devk:e referred to In 
JP 61051782A was a visco-elastic solid with bidusive micro balls. This devk» did not offer the benefits of 
hycfraufic pressure transmisston through the medtimi and b«ween capsules which are a feature of the 
present Inventtoa 

A key wort search of the Con^WKlac Engineering Index covering the period 1 January 1 988 to 1 8 
December 1 996 has been earned out by the inventor. It has also failed to reveal ^ 
inventions being refened to in the 4 500 periodicals, reports, books and conference proceedings in the 
fiekls of engineering and technok>gy covered by th Index. 
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(Key words used for me search: vibration or impact or shock absorber or damping) 
Disci sure of Invention 

For this invention numerous small capsuies, typically but jiot essentially of the order o f milH melres or 
centimetres In size are suspended in a liauid. ^ ggse or telly medium. Th e capsules can be made from 
sdlidTesilient materteil but are preferably at least partiaiy filled with gas. In the preferred case of gas filed 
capsules the capsule walls are flexible and/or have communication apertures so that changes in pressure 
within the medUm lead to changes in pressure witNn the gas. The material is retained within a flejdbfe 
walled vessel or bladder when fit is being used for shock absorbing purposes. The flexft)le waU property 
can be realised by constructirig the vessel from a soft mmertal wNch d^orins 
external stresses or by using a piston and cylinder arrangement. 

The preferred version of the devk» comprising the capsules, endosed gas. the liquid, grease or jelly 
medium and movaWe walled v^el is analogous to a vehicle suspension system with the compression of 
the gas in the capsules being equfvalem to the cornpresston of the v^kHe suspend 
dvnping resulting from the local change in the di8trftNJtk)n of the mediwi replacing the function of a 
vehicle shock absorbing damper. 

Typically, the bi*c modulus of a BqiAl grease a jelly Is considerab^ 

so If the pressifl^e within the medium Increases as a resuft of external applied ft^ 

gas within the capsules is reduced and potentiai energy is staed within the capsules. This fractk)n of the 

work done on the material Is reversWe and alows the mova^ 

shape when the deforming forces have been removed. The reductfen in the volwne occupied by die gas 

causes tocai movement of the liqukl/^easefjelly medium and the woik done agaln« the vtecous forces 

within the medium is irreversibly tost as thermal energy.The viscous and elastic properties of the material 

can be altered as Independerit variat»les by changing the shape, number and ss^ 

It is ateo possble. by using sutabty shewed capsules, to design the material so that it has domina 

elastfc properties when subject to tow magnitude forces, but viscous 

to Isrge forces. This is useful for example in desigr^ shock absort^ Inserts for footwear. 

Other shapes of capsi^ altow the viscous darnping force to be maxinrised for kiw 

is of partfcular benefit when designing protective padcftng for sports or medical appfcations because it 

altows the pad to have a minimum posstole thtekness for a design specified level of shock absorption. 

Trials have been carried out using water as the liquid medium but this is not the preferred lk|uid because 
of its tow viscosity, propensity to leak if the bladder is ruptured and tendency to freeze at temperatures 
commonly experienced out of doors. Water with acWitives to depress Its freezing point can be used but 
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better results have been obtained using synthetic oils, vegetable oils, hydraulic fluid, greases, synips and 
petroleum jelly. 

In princ^ any liquid, grease or jelly which allows the hydraulic transfer of 

mediuTt. It Is to be understood that the invention js not limited to the specific examples of media referred 
to m this patent application. 

The liquid, grease or jely chosen Is a design variable and is selected after considering the application, 
health and safety arxl envir(»mental requirenwrts. For example a soft grease can be 
t*es the lonn of a thin pad inserted in a gamwnt or if lejritage of the nratfirial f ollown^ 
puncttffing of the retaining vessel poses a contamination problem. PetrolBwn jely is the prefenwJ 
medium in devices used in the food, pharmaceutical and cortectionery Wustries. Uqu^ 
lor applications where continuous shock or vibratiOT dosorption generates significant h^ 
devfce. Uquids with a high viscosity index can be used for applications where the ten^ 

medium expected to fluctuate significantly. Hydraulic fluid or synthetb oils may be used if contact with 
rubber is anticipated. Vegetable syrups similar to those used in the food and cxOTfectionery 

offer some of the combined benefits of petrolaum jelly and liquids. 

R)r the raajoriiy of appicatlons where the generation of heat is not a problem pe«roleum ^ 

punwse automotive lubricating grease haR« be« found to have a satisfactory combination of propertte^ 

and in wha foBoiTO the temi jelly wii be used for lyevity when refwiing to high viscos^ 

For the purposes of ttns paiert appScailon, h the case of the pr^n^ed gas filled capsules, the ten^ 
capsule wffl be used to describe any solid walled channber used to contain the gas within the rnedium. T^ 

capsules may have rigid or flBxWo walls and the gas enclosed within tham may be paniiioned from the 
surrounding rnediuii a in part have a common jnterface. The tern material wiB be used In its broad sense 
to represent any fomi of matter but also specifically as a convenient shorthand for describing any 
comblnatton of iqtid. grease or jelly medium, soBd capsules andfor gas fHled capsules. The appn 
Interpretation of the currert use of the word material will be nwttle clear from the adjacent tfl(xt. 

Ttw device is cornprassaile md also exNbhs viscous (tenping properties but theoretical considera^ 
and experimental evidence to date suggest that the device has the advantage over visco-elastic mate^ 
currently used as shocK *sort)ers In that providing a sultabte liquid rnecfium is chosen it dO^ 
from creep. Oeep is the phenomenon v»hereby materials suffer a pwmanent change in physical 
dirnenslons as a result of the appfication Of a continuous stress. By contrast, when liquids are used as the 
mediun. the new material appears to mal« a lull recovery to its orignsi dmensions afta 
stresses have been removed. Absence of creep Is a useful, but not essential feature of the device. 
Materials technologists win be aware of the propensity to creep of the various liquids, greases and jeUs 
vimich nwy be Ineoiporaed in the device. The title of this patera application has boOT 
inoorporatmg elastfc fluids and viscous dampingP to Indicate that it is covers ^ 

devices. 
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The material has a second advantsge over existing solid vtsco-eiastic shock absort)ers. The fluid nature of 
the medium allows it to transmit pressur through the whole of the material inside the bladder, allowing 
the whole of the material to psffticipate in the energy absortxng process, tt can also cause an area the 
protected surface underlying the bladder greater than the area of the impact zone to share in reacting to 
the residual force which is transmitted through the bladder. By contrast a visco-elastic solid concentrates 
the residual force on the area directly underlying the impact zone. 

The medium, capsi^ and and coniainmemcharnber may al be treated with fr^ additives in 

order to reduce fre hazards. 

Brief Description of Drawings 

Figures ! a and 1 b are schematic diagrams of an elastic material aoconfing to the pres^ mveittbn . 
Figures 2a to 1 5 show attemative emkxxJiments of capsules that fomn part of the present invention. 
Rgure 1 6 is a sicetch graph showing the approximate relationsh^ between the defonming force and 
rnaterial thicimess as a sarnpie of the material is deforrned. 
R^jre 1 7 stows a partftioned version of the elastic inaterial. 

Rgures 18, 19 and 20 show attemative methods of preventing the capsules from clumping together. 
Figures 21, 22 and 23 show methods ofcast^ the vessel with some at least of the capsules being 
formed in the same mould as the vess^ watts. 

Figures 24. S and 26 show versions of the invention used as suspension units. 
Figure 27 is a schernatic (fiagrsvn of an elastic material according to 
incorporates a range ol sizes of capsules. 

Figure 28 shows an embo dt mem of the invention used for constrained layer damping. 

Figure 29 shows an embodimem of the Invention which can also be used to absorb exceptionaUy brge 

impulse forces by crumpBng and deforming permanently. 

Figire 30 Is a schematic disgram showing an aclh« version of the invention which offers variable damping 
features when connected to a suitable electronic c^cuit 

Specific embodiments of the Invention will now be described by way of example 

Figu« la and lb are schernatic diagrarns of an elastic inaterial according to ^ 
figurelathecirdessuchasi represent the capsules. In this example the capsules »e elastic ^herica! 
shells totally endodng me gas component of the material. Low cost examples of this type of capsule 
indude expanded polystyrene beads. Higher cost versions of the hoO^ 

statable elastomer with the shelis offermg viscous and ^la^ dampkig in their own right in addition to the 
novel form of damping which wfll now be described. 2 is the liquld/jB»y/grease medium. These digrams 
only show part of the material and the enckssing flexible walled vessd 
compressive forces are applied then the pressure throughout the region shown in the diayam is 
increased. The medium is virtually incompresstole but the gas inside the elastic watted capsules obeys 
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Boyle's law (assurrw^g isotnermal conditions) and is reduced in volume. Pressure at any point in the 
medium is the same in all directions so tne capsules retain their spherical shape after compression. Figire 
1b shows the original region after compression with the reduction in voUme, for all practicai purposes, 
Mng the result of shr»ikage in the size of the capsules. The ariditioral potOTtial energy stored in the 
capsules liy virtue of their b^ng compressed is released when the external forces are removed and is 
used to restore the capsules to their original size. 

The change in size and also translati(mal movement of the capsules when compressive faces are applied 
causes rean-angemertt of the medium. The medium has a h^h viscosity and work must be done against 
the viscous forces to produce the reanrangemeni. This work reappears as heat and the material increases 
in temperature slightly. The non-reverstt)le component of the work done on the nurterial is advantageous 
because it damps the osctllatk)ns of ttie material and eliminates whiplash effects. 

If the nraterial is used for e)®rnple as a shock absorbing elxiw pad ^ then the 

capsules can move relative to each other allowing articulation of the elbow. If however the wearer falls 
causing an inrtpact ftxce on the elbow pad then the viscosity of th^ 

the capsules away from the area of action of the force on the pad so the pad largely retains its origin 
thickness. Grease or petroleum Jelly are the preferred medium for devices in garments t)ecause they have 
soM characteristics a low shear and do not stosh around when the wea^ 
natire with a low yieW poim and act as a hydraufic fiquid un^ 

The gas filed capsules couW be replaced by capsite which are nm gas filW 
material. The advantages of using gas filed capsules include areduction in the mean density of the 
material . a reductton in stiffness constant and an Increase in viscous damp^ due to the relatively large 
change in size of the capsules for a given deforming stress. 

Rgue 2a shows a mocfified version of a ^jhertcal capsule on a larger sca^ In this version the capsule has 
aniperture.l with a lube extending imo the Intertor of the sphere so that the gas is ff^ 
with the mediim. Figure 2b shows the same capsule when compressive 

The medium is forced into the tube and vrork is done against viscous forces as me medium moves up. By 
altering the dtameter of the tube the rna^ntoJde of the viscous force can be Chan This design offers a 
greater degree of corm)l of the viscous damping forces cofiipa«J with the fi« invention. 
Those familiar with Poiseiflle's formula for the flow of ttqukJs through reffrow tubes will be aware thai the 
rate of flow of mediifln along the tube depends inversely on the viscosity coefficient but on the radius of 
the tube raised to the fourth power. This means that in designing a material to have a spedRed viscous 
damping effea changing the radius of the tube has a more r^licaleffe^ viscosity of 

the je»y a liquid medium. For example, doubling the viscosity of the preferred jelty (Uquid) reduces the 
rate of fkjw of the (liquid) by a factor ot two but decreasing the diameter of the tube by a factor of two 
decreases the rate of flow by a factor of sixteen. 
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In order to avoid the use of cumtjersomelanguage in this patent applicatton the gas wiB generally be 
spoken d as beii« atthesamepressur as the medium when in the relaxed equOibrium state. This is not 
strictly true because the effects of surface tension cause the fiquid or jelly which enters th tut>e to have a 
curved meniscus. TypkaBy. for a iquid virith a concave meniscus this wiH cause capillary rise into the tutje. 
with an inaease m pressure inside the tut)e.Those with an expert i<nowledge of fluid mechanics will be 
aware that changes In the volumes of spherical gas capsules relaies to the buk viscosity of the 

surrouncfing liquid and movements of fiquids down tubes relates to the shear viscosity. Both types of 
viscosity cause viscous darnpir^ so to avoid pedantic language the tenn viscosity wlH be us^ 

shorthand to represent both phenomenon. 

TWs design of capsule requres that the chosen gas and jelly (or liquid) do not reaa chemically an^ 

the gas does not dissolve In the medium. Suitable stable combinations are known to technotogists with a 

knowledge of the pr o perties of materials. 

One disadvantsoe of this design is that if the impact forces are large then the medium wUl overshoot the 
end of the tube and be retained Inskle the capsule. 

Figures 3a and 3b show a verston of the spherical capsule with the tube sealed at the end so that the 
capsule has two gas storage volumes, one In contact with the medium, the other permanertly trapped 
inside the interior of the capsule. I=lgure 3a shows a typical capsule before external 1^^ 
appled, figure 3b shows the capsule with some medium inskle the tube when an impulse force te 
peakvama h the capaute has elastteouiw walls the diameter of the capsule wouW 
figure 3b. 

Figures 4a and 4b show a spherical capsule with the sealed end of the tube expanded inskle the capsule 
to create a larger space for oocupathw by gas In contact with the medium. In ligiro 4b the medim 
been forced into the cavity but on renwval of the external forces the rnedium retreats from the caw^ 

In this exampte of capsule deslyi there is a gradual increase in the surface area of the medUim alter ft 

broken free of the narrow confines of the tube. By comrast there is a sudden, discontinuous increase in 
suface area of the medium after the medium has broken free of the ends of the tube using the de^ 

shown in figures 2. A consideratton of the free surface energy in both cases Indicates that the design 
shown in fi^es 4 is far less l*ely to lead to the depositing of medium inskle the capsule. 

Figure 5a shows a dilferent shape of capsule, being a uniform bore ho8ow ti*e.l sealed at end 2. Figure 
5b shows the sane capsule at a time of kxalised increase in pressure with medium. 1 being forced into 
the open end, 2 of the capsufe. 
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Figure 6 shows a unilbrm hoUow ti*e 1 nipped together haH way along its length thus producing two 
capsules joined together, having similar properties to the capsules in figures 5. 

Figure 7a shows uniform hoUow tube capsule which is open to the sunrounding medium at both ends. 
When the local pressure increases the medium moves in at both ends of the capsule. The desi^ is 
stable and works without lestoge of the gas if narrow diameter tiAes are used This Is a slnraple design of 
capsule which can be mass procbjced very cheaply. 

Rgijre 8 shows a hollow tube capsule as in figures 7 but bent tt) create an open toroid. 

Figures 9. lOandll show variations on the stagle open ended tube capsule design. In each of these 
designs the diameter of the tube decreases towards to dosed end. A consequence of these designs is 
that the fraction of the shock ab80rt)lng mechanism wNch is atirljuted to viscous damply 

the magnitude of the forces co mp r e ss ing the gas inaeases. This design could be used for example to 
form a shock absorbing pad In the heel of a sports or orthopaedic shoe VVhen walking or running ^ 
groirt such as tirt the hvact forces would be relatively smaM and the shock absocpti^ 
mainly elastic giving the shoe a degree of sprfcig. Rx larger Impact forces, for exann^ 
when running on pavements, the addlttonal shock absorbing effect would Include an in^ 
viscous damping which would be advantageous in prevemfcig rep^itlve stress Injjries. 

Figiffes 12. 13 and 14 show the double open ended equivalente of the three previous designs. 

Figure 1 5 shows a hoOow capsule with an extended relatively nanw diameter aperture extending into the 

medium. This design has the reverse of the viscous and elastic properties shown in the six previous 

diagrams. FOr small impact forces where the medium is only driven further down the narrow extended 

tube without entering the larger cavity the domlnam fonn of damphg is viscous .. For 1^^ 

the domhant lonn of damping is elastia TWs design of capsite is particUarly useful wh^ 

used as padding in ctothhig for protedion against occasionai. massive, potemia^ 

because it altows the desired degree of hipaa proieciton to be achieved for a n^nnnum tWckn^ 

materiaL 

This minenim thickness design feature can be escptalned by reference to the skat^ 
figure 16. 

These sketch graphs incficate the approximate reteiionsh?) between the defonning forces and material 
thickness as a sanple of the material Inclwfing capsules similar to that shown in figure 1 5 te 

Thestepshapedgraph,! shows the component of the applied compressive force which is requirBd to 
overcorne viscous drag and compress the material from an irtidal thickness t| to a final thickness tf. ^ 

cunwd graph, 2 shows the component of the applied force required to compress the gas Inside the 
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capsule. The reversibi work done against th elastk; forces must exceed the irrevarsiWe work done 
against the viscous drag, crtherwise the pad will not return to its original thickness after the defonning 
force has been removed. 

Graph 3 is the resuitam force made 14) of componerts shown hi graphs 1 a^ ^max*^^*^ 
specified maximwn force which can be tolerated by tlie wearer without incurring pain a in^. The 
fundton of the padding is to abfi^ a design specified maximwn kinetic energy aftw a fal without 
exceeding F^. Tlie kinetic energy absoibed by the padding in this example can be calculated from the 

area between graph 3 and the X axis. 

Pads including material whfch Is based on capsules of this design are only suitaWe for use as a protectton 
against occasional wnpacts because they have a long recovery time. This is because after the deforming 
force has been renwwed the gas inskte the capsute remains at a hi^ pressure than the surrounding 
medium. Further vrork needs to be done against the viscous drag whe^ 

tube to achieve pressure equality. This can only be done slowly with thermai energy being transferred 
from the medtun to the gas. 

If the novel padcBng was replaced by a sirnple foam padding which rel^ 

absorb the kinetic energy of an impact then the deformnig for^ 

met the sOTe force and energy criteria as graph 3 would be graph 4. Inspecto 

me distressed thickness of material required is considerably in excess of t|.The novel material is a more 

effective energy absorber for a given thickness of maerial because of the additto^ 
the external forces at the early stages ol cornpresston.These sketch graphs ^ 
absort*ig rnatwial off ers considerable cosmetic and com^ 
foam padding when designing impact protection body wear. Using a p^ 
does not invalidate the above argumem. 

If the capsules and medium are blended by the manufacturer at norrnal atrnospher^ 

finished product Is subsecpiently used In a kw pressure envirorvnem, for example at a high altitude 

location, then there is a possibility tha some of the gas trapped insWe tt^ 

sufficiently large cfiameier that they can pennanently break free from the capsule, eventually crrating an 

unwarted pockm of gas inskle the erK*>stng bladder. This prob^ 

componem p«5 of the mmerial In a sealed vat at a pressure at least as tow as the 1^ 

working pressure and leaving the material to stabilise at low pressu^ betore packing In Its ower bladder. 

For versions of the inventton which require a flexible watted bladder the bladder must be shaped so that 
the anticipated defomiing forces produce a reduction in volume. For exasvfte If the bladder takes the form 
of a mathematkatf prism wim an ellpse shaped aoss sectkxi then an in^ 
will tend to increase the imeria volume, whfch Is undesirable but an ^ 

will be effective in compressing the material. Simple shapes of bladders which are effective include 
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spherical, cylindrical, segments of spheres and segments of cylinders. In general to assist in mathematical 
modeling of novel design shapes of the invention simple mathematical shapes of the bladder are 
prefen-ed but not essential. 

If the bladder is large and the material is constantly flexed or subjected to defonning forces then there will 
be a tendency for the opsuies to gather In clumps if the ratio of total volume of capsules to total volume of 
medium is low. TWs problem can be overcome by splitting the bladder into smaller con^^ 
number of different designs of compartments are used to prewont clumping of insulating material in 
steeping bags and smilar designs can be used for the present frwention. Clunping is not a problem if the 
proportions of apsules to medium is limited by close packing of capsi^ with a mininum of med^ 
the remaining void spaca A second, associated problem can stil occur if large bladders are used to 
absorb impact forces which only act over a fraction of the surface area of the bladder at right angles to tte 

direction of the force. In this case local thinning of the thlckness.of the bladder may simply be 
compensated for by bulging of the bladder elsewhere. The bulging problem can be solved in several 
ways using existing technology Including the use of ties or flexible cross members which ink together 
local, internal opposite faces of the bladder at intervals over the irteria. These ties or tiextole cross 
members have suflicientfy Ngh tensile strength and stiffness constants such that they do not break or 
stretth significantly when the device is in operation. However they are sufficiently Itexible that they do not 
impede local thinning under the action of external forces. An alternathre to the use of aoss ties, suitable 
for tftfn pads of the device Is to spot weld, rivet or otheniMse perrnanently join oppostte intenra^ 

the bladder together at intervals. 

Figure 1 7 shows a Wadder.l endosing a ssn^He of the material. In this example the material is temporarily 
partitioned in two by a spring loaded dip. 2 and an end damp. 3. Ad^istatte partitioning is an alternative 
way of limiting kwal bulging of the Wadder and allows the end user to adjust and tune the device to their 

own preferences. 

An alternative method of overcoming the bunching up problem is to bond the capsules permanently to a 
base material. I=igwe 18 shows tubular capsules including 1 bonded to a long flexible fibre.2. Fi^e 19 
shows a variation on figure 1 8 with the columns of bonded capsules also being bonded by horizontal 
faxes such as 1 . 2 and 3. 

A verston of the device using the an-angemem shown in figure 19 may be used as an improved storage 

tank for the transportation of fuels and other liquids. By way of an example the invention may 

fuel tank for storing fud in aircraft. Changes in the vekxAy of the aircraft cause the fuel to slosh aro^ 

inside the storage tank. An existing sdutton to this problem is to feidude baffles inskle the tank. If the 
baffles are replaced by matrixes d holtow tubes as shown in figure 1 9, with the holow tiAes bdng any o^ 

the shapes as described in this patent application then the efficiency with which the energy d stosWng 
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modes of vibration are absorbed will be significandy inaeased. In this example the storage tank would be 

a flexible walled bladder and the liqind inecfium would be the fuel The sto^ 

bladder, initially en^ty or filled with a smaH volunne of as- or other gas could be retained inside a fixed 

volume enclosure such as a wing. As fuel is pumped out of the storage WsKJder a mechanism would inflate 

the auxiliary bladder such that the total volunM of the fuel storage bladder plus auxiliary 

filled the fixed volume. In addition to reducing fuel sloshing this design would also offer several other 

important saf^ features: 

1 The fuel storage bladder would be able to absort) energy from shock waves passing through the fuel 
taiit Shock waves generated by bullets fired a the aircraft or shrapnel from bombs placed inside th^ 
aircraft by terrorists lor example have been known to rupture fuel tanks with catastrophic 

consequernies. 

2 The fuel tanks woukl be less inclined to burst open during bumpy «"«gency landings. 

A unique feature of this verswn of the device is that the fuel acts as part of the shock absorbing 

system, protecting the Integrity of Its container. 

3 The controlled expanston of the auxiliary bladder coukJ be used to pump the liqukl out of the fuel 
fBled bladder. TWs wtwkl be a useful safety feature because t wouW eliminate the potential hazard of 
short circuits in the electrical system of the fuel purnp causing ignliton of the fuel or luel vapo^ 

4 The expansion of the auxiliary bladdW would progressively reduce the vohnte^^rt^ 

bladder so that large volumes of potential^ expkjslve fuel vapour were not retained inside the fuel 

tank. 

5 By placing the auxiliaiy bladder between the fuel filled bladder and adjacent pare 
are prone to reach.high temperatures, tor example air conditfening systen^ 

bladder wUI act as a fomi of insiMkxi reduang the Hwlihood of the stored fuel overheaii^ 

Figure 20 is a side cross section of a different arangemem showing two layers of ckjsed gas 1i^ 

capsules 1 and 2 with each layer being bonded to flexWe base sheets 3 arid 4 and bei^ 

mediian. 5. The capsules and base sheets are anatogous to a material commonly known as bitible 
packing, with the exceptton that in the case of the present inventton the capsules are prelerabty 

from a more robust and lesBiert material and the capsules are of a pre<letennined stza as re(Mr 
particular applcation. 

Figure 21 is a side view cross sectton of a verston of the invention which is a wedge inserted into the he^ 
of a shoe a boot a the manufacturing stage. The 11exl)le vessel b rnade from synthetic rubber. f»^^ 
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plastic or Other gas tight material of a durable nature, suitable for use in footwear. Those with a technical 
knowledge of modwn footwear design will be aware of the chotc of materials availabi .The wedge is 
moulded in two parts, an upper and lower part. 1 and 2 which are joined together after being released 
from the moulds.The capsules of which 3 and 4 are examples are formed in the same manufacturers 
moulds as the waBs of the wedge but are only joined to the internal walls by thin fibres so that they are 
essentially exposed tohybraulic pressure on ail sides with the space between the capsules being filled 
with the jelly or liquid mediun as for the versions of the Mention described above. The capsules are 
preferably, but not exclusively, tuned to provide largely elastic rebound for low impact foot placements 
with increasing viscous damping for more violent foot placements as described earlier 

figures 9 to 14 inclusive. 

Figures 22 and 23 show a variation on this desiga Figure 22 is a side cross section of a heel wedge and 
figwe 23 is a plan view of a aoss sectiontfroughthemiddleof the thickness of the same wedge. The 
capsules are moulded in the same moulds as the waBs of the vessel and preferably the wedge is cast or 

moulded in two hahres. 1 and 2 in figure 22. Before the two halves are joined together the component 
parts of the capsules, 3 and 4 In figure 22 are open, exposing their interior but fomi completed capsules 
after pemianently bonding the upper and tower halves of the vessel and inclusive capsute 
C3ne advantage <rf this method of constnictlon Is tha the shape of the capsules Is convenl^ 
accurately moulded to provide the desired combination of viscous and elastic properties. 

Any of the vwiatlons d the device especially those iUustraied In figures 21 , 22 and 23 may be modill^ 
create nested versions of the material, with a plurality of small capsules being enclosed within larger 
capsules. Rjr example the capsiies Illustrated In figures 22 and 23 could each enclose a plirtf^ 
gas enclosing spheres with the aperture of each larger capsule possWy including 

tree movement of the medium but prevented the smaller capsules leaving the mouth of the larger 
capsule. The advantage of tWs nested design is that even if after prolonged use the inner walls of the 
lar^ capsules became contamlnaied by being peimanently coated with the medium the device would 

still offer a us^ degree of shock-absoiting ben^. 

in addition to foot wear the device can be used to reduce the in^ng oWects of collisions or late 

pads of the material to a wide range of Orthopaedic and sports wear. By way of example such pads could 

be hduded in the etxm of long sleeved shirts or sweaters, as pads in undergamiefus or oth^ 

to protect the knees, hips and shins, as padding in helmets, gloves, including boxing gloves and mittens. 

In particular, ttadders of the material can be used as hip protection pads to proiBci the neck of the hip 
bones of Osteoporosis sufferere. For comfort and flexibyily the hip pad preferably consist 
vertical, elongated, side by side. sB^y overlapping pads attached to a strip of material at their upper 
nds and free to move independently at their kjwer ends. A second layer of slightly overlapping 
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horizontal pads loosely connectBd to each other so that they ar free to move relative to each other when 
the wearer moves may alsot>e added for extra cushioning. The design of the hip pad could be improved 
by constructing a segmeittd pad wfth the segments which lie direcaiy over the neck of the 

a lower stiffness constant than the segments which overOe the surrounding soft tissue. This would have a 
beneficial effect in shunting a fraction of the force of a direct sideways fai on to the soft t^^ 
to the sides of the Femur, with the high stiffness material and the underlying soft tissue acting as two 
shock absorbers in series. 

The unkiue properties of the malarial can be expioited to improve the design of physiotherapy 
exercise equipmenL For example a hand grip improver can be made from a sausage shaped bladd^ 
approxinately 4 centimetres in diameter filed with the material. When the bladder is squeezed the 
hydraulic nature of the material win spread the pressure urafotnily over the fingers and palm. On releasing 
the yi) the viscous damping will retard the rate of refcjrmaiton of the bladder and elim^^ 

injuries to the hand. 

Figure 24 shows the material m a containing vessel. 1 with fiextole comjgated sides which are reinforced 
by external conoeriiric meiaJ rings ^ 3 and 4. Altemativeiy the separate rings may be rep^ 
helical col of wire. The vessel rests on a firm suface. 5 and the material is used to cushion vl^^ 
impulses transmitted to the matwial via a piston. 6. Tm arrangemert may be used as a shock absoi^ 
system to IsolatB a piece of machinery from the ground. R)r example to prevem transmisston of vto^^ 

from a vibrating machine or prevent external viirations affecting a delicate pi^ 

Engineers will be aware that unwanted standing waves can be set up m heical co8 springs when they are 
subjected to periodic excitations. An advantage of the presort invention, as shown in figure 2 
heical spring is used lor reinforcement and also has suffident stiffness that it support 
fractkm of the kad then the standing wave problem is mininised because of the damping effect offered 
by the intimate contact between the vessel wans and the coas of the spring. 



can 



If the shock- absorber is used for extended periods of continuous duty then the none conservative w^ 

done on the material wai result in an Increase in suspension system temperature. The heat generated 
be conduaed to the coniainmert chamber walls If the nquid/jeUy medium has good th^ 

properties. Liquids are preferably used for this type of appficatton but if the design requires the use of 
grease a jelly then the thermal conductivity of the medium can be improved by adding particles of 

copper, graphite or other good thermal conductors to the medium, in addition the gas capsules may be 
chosen to have good thenn^ conduction properties. 

A range of designs Of air springs similar but n« identfcal in shape to the vessel Shown in figure 
common use. in som of these desigre»r«ofsteel^^ 
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walls of the air retaining vessel in order to provide reinforcement These known designs may be used as 
attematives to the vessel shown in figure 24 with the ar inside the vessel t)eing replaced by any f the 
material compositions descnt)ed in this patent application. 

Figure 25 is a cross section of a two chamber variation of the Invention. The horizontal H shaped ouer 
part. 1 is a rigid vessel made from metal, robust piastic or other nrtaterial virhich wiU net change shape 
appreciably when subiected to norm^ working pressures . The outer vessel is similar in appearance to a 
targe bbbbni or reel with the upper and kiwer parts being vwde diameter, hollow cylinders 2 and 3 
connected via a tong, relatively nan-ow cylinder. 4. 5 is a sfiding fit piston with a piston shaft 6 vi^ich 
partitk>ns the vessel imo two isolated volumes, above and below thereon. 7 is a sliding ftt sealing 
bearing which prevoits leakage of the medKum. The vessel rests on a fmistrface and the impacts are 
transmitted to the material via the i^m. On the down stroke the novel material bek>w the rnston is 
compressed and the material above the piston expands. The process is reversed on the up-stroke. 

The device will only function in a satisfauaorymarror if iires^ If the device is used as a 

novel form of vehfcle suspension with say the shaft, 6 connected to a road wheel and 8 being part of the 
body of the vehk:ie then 8 can no tonger be consklered as a firm surface because of the finite weight of 
the vehicle. R)r use as part of a vehicle suspenston system the rnaierial is preferably 
Bghtty damped as the piston moves deeper into the vessel, away from bearing 7 and is 
the fMston moves back towards 7. It is poss«)le to re-engineer the deslgr© of capsules described above 
so thm they include one way valves wf^ offer a wide aperture with tow visa 
the capsules knn high viscois drag to mecfljm leavlngtfie capsules . 

A simplw method of achieving different rates of damping on the up and down strokes is to use a container 
with the wicter (femeter cylinders 2 and 3 having different volumes to each other and different Wends of 
material above and bekw tfie piston. Likewise a two chamber verskxi of the device shown in figure 24 can 
be constructed to offer slmOar ride improvement benefits. 

A third method of mocWying the device for use as part of a vehfcle suspero^ in figure 

26. 

Figure 26 shows a modificatk>n of the device as previously Illustrated in figure 25. The piston has been 
nwxiified by the addition of two sets of orie way valves to Its crown. The are wide 

clearance valves which alkw the e^y fkw of the fiqukl or jelly rned^ 

upper chamber on the down stroke. The second set of valves represented by 2 are narrower clearance 
valves wf^h allow the reverse fkyw of medium material from the upper to the fcwer chamber on the up 
stroke but with increased viscous drag. 

RECTIFIED SHEET (RULE 91) 
ISA/EP 

03/19/2003, EAST Version: 1.03.0002 



wo 97/25551 PCT/GB9d/03243 

14 

3 and 4 are meshgriiis which keep the capsules dear of the path of the piston and prevent them from 
clogging up the vicin^y of the valves. For this version of the device where the viscous drag is created 
mainly by th passage of Hquid or ielty through the piston the capsules can take the foim of simple elastic 
spheres as illustrated in figures 1 . 

A sMtr effect coukt be created k}y adding valves and by-pass lines t}etween the two chambers, instead 
of adding the valves to the piston crown. 

Materials technologists will be aware that hdtow resilient spheres of the order of a micron \n diam«er are 
cornmerdally aw^aWe. These may be used as at toast as some of the capsules fa 
invention whfch invohre valves. They have the advantage thai they are sufficiently small to pass through 
the valves. By u^ flap valves with soft faces for e)cample damage to the microspheres can be preverted 
when the valves are closed. 

F=or applteaticMis of the Invemton where the material is stressed to a considerably higher pressure than 
atmospheric pressure throughout Its working life, fa exampte i^ 

may be blended by the rnanufactura inside a sealed vat operating at an exce^ pressure comparable with 
theantictpated mean woriong pres»re 

Several applications of the invemton are specific to the transport indus^ 

maerial may be used to cova hard, protnidingsirfaces and edges in nw^ trains, araaft wkJ 

boats. In particular the inventtoninaytAe the fcxm of a paJwhk:h Is use^ 

wheel. Car burrpers and otha bodywortc protections such as bull bars may incon^ 

mat^ to reduce the damage caused by kw speed colliskxK and to reduce the in^es suffered by 

pedestrians who are hit by the vehicte. Fenders on boats may also inckjde larg^ 

Fatigue, discomfort and even iiTjury are often caused to pass^ 

through the vehkto bodywortc into the passengers bodies. These problems 

industrial vehicles such as tractos and forte Ifitmcks. These vibratk)ns can be r 

points of contact of the passenga with the body of the vehk* with pads of the ^ 

and small pads on the fo«conird pedals can be used to reduce vibrmionsthrou^t legs and pads can 

be incorpaated in the seats to reduce vairations to the trunk of the body. Facte Incorporated into the 

backs and head-rests of seats wifl also be beneficial in rediidng b^ 

accklents. 

Beds on boats, treuns and airplanes will also be improved by adcfing mattresses a under-pads of the 
materialJninstanoeswherelsrge areas of th human body are in contact with pads of the devtee for 
prolonged periods of time a problem of kjcalised buikl up of un-vaporised sweat may occur. Those with an 

RECTIFIED SHEET (RULE 91) 
ISA/EP 

03/19/2003, EAST Version: 1,03.0002 



wo 97/25551 



PCT/GB96/03243 



1 5 



appropriate expert knowledge wHI be able to sotve such problems using existing technology, for example 
by using intennediate moisiure absorbing pads or intermediate ventiiated pads between the device and 
the tx)dy. 

Other transport applications include the incorporation of the material into road humps or sleeping 
policemen in order to stow down vrtiides without causing damage to the vehicle suspwsion or 
discomfort for the passengers. Aircraft canriers COT frKdudel^ which can be 

uncovered on their decks to retard the motion of landing aircraft. 

The device has a kjw mass making It atlTEtt^ve for space appli^ 

spacecraft equipment induced stnxrtural vtt)raitons wWch t«id to cause jitter of telescopes and other 
sensitive on4x)ard equipment. Versiore of the device in the shape of large O rings may act as buffers to 
fadftaie the docking of modules in space and also assist in sealing the interfaces between docked 
spacecraft. 

Saidles on horses may incorporate an under pad of the materisd to reduce the damaging effects of 
vbraiiws on the horses spine and muscles caused by carrying a rkJer or load. 

Shock absorbing pads of the materol may be ^icorporated im the hand grips of sports equipment and 
tools. Such pa^is woukj be parttoutarty useful in solving the problem of white fingers (a per^iheral 
circulatory di^urbance) by reducing the vtxattons transmitted to 

tools. One advantage of using the present invenHwi Instead of existing visco-elastic solid hand grips is 
that the device can nruHAJ itself to fit the grip of the users hand. 

Pads of the devk» rnay be used In the constructkm of buiklngs and struciurw 
unwarned vibrattons such as earthquakes. kx:al heavy traffic nrKJ^ 
material may be Incorporated imo iKJiow beams to darnp vl^ 
wafe of the bearns acting as the flexUe walled material relalr^ vessel 

Domestic uses include using pads of the mmerlal In domestic artfcles w^ 
These include washing macftines and ftigh fkJeSiy auc«o eq^ 
the rnaierial varies with Its composittoa In situations where the ^ 
of unwarned frequencies such as the audfo equipmertt example it may be advarttageo^ 
composite pad consisting of two pads having different coniposi^ 
In series with a pluralty of sheets of visco-elasik: polymers- Ato^ 



retain the material may be composed of a visco-elastic polyme r v^g^ a <^V^^^^^J^ S^ 
spectrum to the mat^9^ 
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If a number of unifonn sized spheres ar staed tog«her in a container and allowed to settle into their 
most staWe arrangOTient so that they occupy the minimum posstole volume then their arrangement Is is 
commonly refered to as a dose packing arrangement. In the dose packing arrangement the spheres 
occupy 74% of the available space. With reference to the present invention this means thai if the material 
consists of uniform sized gas filled spheres surrounded by Ik^uid then the maximum ratio of volume of 
spheres to volume of liqukJ is 74:26. This ratk) can be Increased in favour of the volume of the spheres if 
a seconds^ of smaller uniform sized gas fUled spheres introduced whk:h are selected so that they just 
fit into the voids between ttw larger spheres wtthout prising the larger spheres apart This process of void 
fflHng can be repeated using successively smaller gas fifled spheres toa lower imit of size whfch is only 
limited by the size of gas fiNed spheres commerdaBy avaWble. CiriOTtly the smalleGt gas filled spheres 
avad2d>le are of the ordgc^of micfOBSji diameter. 



Figure 27 shows an arrangement of gas filed spheres with 1. 2 arri 3 being successively smaber sized 
spheres with can rest in dose contact whte still altowing dose packing of the largest size of sr^eres 
shown. In order to ensure that all of the spheres participate effectively in the reversflsle energy absorbing 
process is advantageous that successively smaller spheres are constructed with progressively thinner 
walls or are constructed tromdifferertnriaterials which have pr^ One 
method of preparing ^ verston of the material wouW be to blend the different sizes of spheres together 
tn an evacuated chantber so that no air existed bttween the spheres, 
the Wend to fifl the rernaining vokis and theri introduce air Into the chani^ 

air pressure forced the liqukl Into the vokls. 

Constrained layer dOTping is aoommon mdustrW technk|ue fa dan^ng vtorattons in panels or 

components constructed from metals a other materials whfch teve tow natiral imemai damping. A 

constrained layer material has a sandwich constnjction with two parts of tte 

the panel t)etng separated by a visco-etastk:nr)aterial such as bftur^ nd3ber. The present 

material may also be used ftxcorwirained layer dannpingbu is preferably used with the sand^ 

^ructiffe rnodified so that movements of the gas fined capsiries Is ^ 

verston of a constrained layer sandwkrh. i and 2 are layers of a component which Is damped by a 

sandwtahed layer of the new materiaL The new rnaierial in this exan^ 

sized gas filed spheres such as 3 separated from the layers of the component and from each other t>y 
liquid. The facing layers of the component are shaped with hemispherical iKiltows which regain the 
spheres. MemativBly, if it is desirabte that me the material shouW be a^^ 

out of the page then the hemispherical hottows can be replaced by semidrcular charmels out of the page. 
Layers 1 and 2 define the moveabte walls of the container and the perirneier of the sandwich lay^ 
seated by a gasket, not shown, to complete the vessel. 
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The bumpers of modern vehicles are commonly attached to the txxJy of the vehicle l>y ler^gths of crumple 
zon material which are delit)eraieiy designed to crumpi and absorb the wiergy of tow speed impacts 
wfthout the rearwards body of the vehicle being damaged. The repair job on the vehicle lotiowing such a 
cottsion thwi consists of simply replacing the crumple zone material. The cost and frequency of repars 
can be further reduced if a coiiposite rnaterial consisting of a sand^ 
the new material is used. 

Rgure 29 shows an example of a novel design of crumple zone material which is a version of the device. 
The midcte layer of the sandwich Is simflar to that shown in figure 28 bifl th^ 

from steel, aiuminiiffn or other rigid material chosen so that the rigid material defomis and absorbs energy 
in preference to damaging the body to the rear of the crumple zone. Gentle trrpacts do nrt even damage 
the two rigid layers but have th^ impact energy absort)ed by the device. 

A sknilar composite material could be used to protect the hunran body from impacts. For example it could 
be used in shin pads fa footballers. 

Pacte of the material may be used in combinaiion with other nutterials to ^ 

effective against attack by knifes, sharp objects, buMets By way of an example, 

according to the presort inveiition, a bullet and/or stabijro^ 

woven caibon ftore rnaierial such as Kevlar (RT>^) back 

backing pads would serve several functtons. They wouW altow damped nujtton of the woven materM in 
the directton of the irnpact. resulting in decderaifon of the pro^^ 
the woven material and redudng the Iractkm of the kkiebc 

wearers body. The liqui^iBlly medium wouH help spread the resWual impact force, reducing bruising to 
the wearer. The pal would also increase the separation distance between wearers 
body so if a knife for example partially penetmed the material its de^ 
body would be reduced. 

The work done on the pad by the nfwving vtroven nriaterial 

Increasing the area of the woven material that moves forward. This can ^ 

an open mesh chain mail bonded to the woven material and placed between the 

Ttto des^ benefit can be further enharKcd by hav^ a r*jrality 

material, each layer having increasing fink size. 

The fiquid used for the present Invention may take the form of an electrorheotogical or 
magnetoetectrortieotogical fluid. Electrorheological fluids are suspensions of dielectric partfcles in 
Insulating mediums which exhM cortroBable rheotogteal behaviour in the presence of applied electric 
fields. Their particles polarise and irtterpartfcle forces lead them to produce chains across the dedrode 
gap, calling a consMerabI increase in viscosity. Magnetoelectrorheological fluids typically include 
oartfcles which have a ferromagneik: layer inside the electrortieotogically active layer. These particles 
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produ<» Chains and an increase in viscosity when they are imme^ In addition to the 

ioiown configurations of etectroctes used to increase viscosity using these phenomenon the present 
invention may exploit these phenomenon in innovative ways. For example, dielectric gas capsules may 
take the part of the dielectric particles. THe relatively large size of the gas capsules means that they would 
have large dipole moments. Altematlvely, considering the an^angement shown in figure 28. layers i and 2 
may be attached to high voltage power supplies of opposite polarity to provide an etectrfc field across the 
gap t)etween them. The spherical capsules. 3 may be coated in electrically conductirq material so that 
induced charges of opposite polarities are created opposite 1 and 2. 

Figure 30 shows an array of hollow tube gas capsules vrtiich have been modified to exploit the 
phenomenon of etectrorheology. The tubes are made from instating material but have etectrically 
conducting outw layers. i is an electrical conductor which is in electrical contact with the first column of 
tubes. 2 and 3 are conductors in contact with the second and third columns of tubes. 4. 5. 6. 7 and 8 are 
separate cmductors which are threaded horizonially through the rows of tubes. If tor example positive 
high potwrtials can be applied to the vertical wires and negative Ngh potentials appfied to the 
wires then strong electric fields wil be aeated inside the tubes. If the liquid is chosen to te^ 
electrorheological properties then the viscous damping due to movement of liquid Inside the tubes is 
enhanced when the electrodes are active. Computer engineers familiar with the design of 0^ 

memory stores wiH recognise the visual sitWarliy between figure 30 and ferrite core memories. Using 
slmBar electronic systems to those used for wrfting binary digits hi fen*e caes the field strength 
individual tubes can be altered, aBowIng the energy absorbing properties of individual tubes t^ 
Electrorheological viscosity changes can be achieved in less than one mlUisecond allowing for example 
the viscous damping provided by individual tubes to be different for the compression and recovery 
stages of operation. If the arangement shown in figure 30 is used lor constrained layer damping then the 
damping properties of different zones of a sheet of material can be actively changed provided that the 
active dainping layer is spa into partitions so that the flow of liquid and related dainping is 1^^ 
the partition. Additional horizontal wires may be threaded through the tii)es with the wires ^ 
Inside the tubes producing smaB solenoids, vymen a ct»ram passes through a solenoid ^ 

becomes a magnetic dpole. If the dWectric particles suspended in the liquid include ferrom^netic 
material then the partides wil be atirarted irrto the tubes. TOs migratton would help to ovB^ 
problem of separation of dielectric pwtides and support fluid which commonly occurs with existing 
electrorheological fluids. If the coils were made from suitable resistance wire then the gas within the tubes 
would be heated when a cunrent flowed, increasing the stiffness constant of the capsule. 
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A novel type of eleclrarheological behaviour coukJ be aeated by placing spherical gas capsules, as 
described In this patert applcation between elecirically charged pW^ 

such that they have electrlcaJly conducting surfaces then capsules which come in contact with one of the 
electrodes would receive a charge and be repelled by the electrode. If the charged capsules are then 
subjected to impact forces which compress them the charge density on the surface of the capsules would 
Inaease. Some of the energy of the impact would be used up as wofH done in increasing the charge 

density. 
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Device inc rp rating elastic fluids and viscous dampin{> 



Claims 



1 A device for absorting the unwanted energy of (mputses or vibrations consisting of a moveat>le 
walled vessel or bladder enclosing an elastic mmerial which exhtoits viscous damping properties, 
the material comprising a pkirafity of capsizes made from resiltent material or including resOtent 
materials and viunersed in a liquid, grease or jelly medium so that when the pressure in the 
mediwn increases this pressure increase is hydraulicafly transmitted to the capsules causing a 
decrease in the volume of the realiertt material and a spatial redistrtoutlon of the medium. 

2 A device according to cte^ 1 with some at least of the capsules being at least partialty filled with 
gas with the gas retaining capsules having flexible walls and/or an aperture with access to the 
medium so that when tte pressure m the medium increases this pressure increase is transmitted 
to the gas causir^ a reduction in the volume of the gas and a spatial redistrbution of the medium, 

3 A device according to any of the above dain» with the liquid 

so that its freezing poim te several degrees bekiw the freezing po^ 

atmospheric pressure. 

4 A device accading to any of the above claims with ttie viscosity of the l^ 
mertwn b^ in exo^of the v^^ 

given sample of the device is designed to cpentte at. 

5 A device according to any of the above claims with the medium being prtroleun jelly optionaliy 
blended with known fillers or additives. 



6 A device aooofding to any of claims 1 to 4 with the medium being a litt^ 
blended with knovim flilers or additives. 

7 A device according to any of the above claims with the capsules and medium being blended by 
the mamrfacturw and/a left to settle in a closed vat at a working pressure 

kxwest intended operating pressure. 

8 A devk» according to any of the above claims with some, at lea^, of the components of the 
device being treated with fire retardam chemicals. 
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A device acxwding to arty of the above dawns with the capsules and/or medhim being mcxWied by 
the addition of thermally conducting ingredients in order to enhance the rate of dissipation of heat 
from the d vice during periods of contirajous operation. 

0 A device according to any of the above claims with the capsules specificaUy taking the shape of 
spheres with the maximiffn diamrter of ttw spheres being less than or eqyaJ to the thickross of 
the material ^ide the bladder or fiexble walled vessel. 

1 A device aoctHtling to any of the above cteinis with the capsules specific^ 

spheres with m least some erf the spheres having one a nrwe apertures in tte^ altowlng 
the KqukJ, grease or leltyrnedium to enter and partially fffl the « pressure in the 

medium increases. 

2 AdeviceMcordingtoanyofciaims2toll with the capsules specifteally taking the shape of 
spheres with at least some erf the spheres having one or more apertures virtth tubes having 
mouths whfch fill the apertures extending Into the tnt«ior of the same spheres and the tiA)es 
teving a suffk^ly narrow distfneter that the gas trapped hside the tubes is in a kw 
potential energy state and is not displaced by the medium. 

3 A devfce according to claim 12 with the the tubes bwg sealed at their 

high working pressures the medium is prevented from travelling past the inner end of the tube 
and being deposited in the frnerior of the sphere. 

4 A device according to any of daims 2 to 13 with the capsules specifically taking the shape of 
spheres with at least some of the sf^es having tid)es which lead to t^ 

^kJs of the tubes leading to chambers inskle the spheres so that the total volume ci gas trapped 
inskJe a sphere is pavtitk>ned into iww) volumes with one volume being permanently cut off from 
the medium and the second vofeffne, in the Inner charnber, being In contact wft^ 
the mecfiiMn at or inskle the mouth of tfie tut>e. 

5 Adeviceaoct»dingtoanyofclalrns2to9withaleastsonfieofthecapsute 

p^el sMed tubes being sealed at one end and having a sufffcfemty nan^ow diameter that the gas 
trapped inskie the tubes is in a stable kiw potential energy state and is not displaced by the 
medium. 

16 A devtee according to any of dalTO 2 to 9 with a least some of the capsules t^^ 

parallel skied tubes being open at each end but being cOTStrained at or near their mid point so 
that each tube forms effectively two tubes having similar properties to the tubes in ciatm 1 5. 
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17 Adevic»aax)fdingtoanyofclairns2to9with 

parallel sWed tubes being open at each end and having a sufficiently narrow diameter that the gas 
trapped inside the tubes is in a stable low potential energy state and is not displaced by the 
medium. 

18 AdevicoaccordingtoanyofdaimslS. i6or 17 wWvatteast some of the capsirias taking the form 
of tubes having a unif oon internal cross sectional area with the tubes being bent so that the 
princtpte axis along the centre of the Vdbes deviates from being a straight Hne. 

19 A device accorcfing to any of claims 15. 16. 17 or 18 with at ieast some of the capsules takmgfonn 
of tubes having a iffitom interna! aoss sectional area wfth the tubes being bent so that they forni 
open ended tori. 

20 A device aocordffig to any of claims 2 to 9 with at least some of the ca^ 

tubes closed at one end with the diameter of the tubes gradually nan-owing with the widest 
dlan)«er being m the mouth of the tube, so that the viscous damp^. as a fractto 
damping, increases as the pressure witlvn the medium increases. 

21 A device according to claim 20 wlh the modification that a smaU chamber to ff^ 
gas stored Bisidethe capsule is added at the closed end of the tube. 

22 A device accoiding to claims 20 or 21 but with the nxxlificati^ 
series of steps rather than being a smooth variable. 

23 A device accorcfing to dains 20, 21 a 22 but nrtodifiedw^ 

with open ends, each altowing dirert contact between the gas and t^ 

24 Adeviceaocorrtngtoanyofclaims2to9withatteastsome<rfthecapsu^ 

chambers with direct access to the surrounding medium via atube which extends into the medium 
with the dimensions of the tiA)e being such that at low excess pressures the medium driven irito 
the w»)sule is subject mainly to viscous drag damping but as ^ 
viscous damping as a fraction of the total damping deaeases. 

25 A device according to any of the above claims witti the capsules having a phtf alily of graded sizes 
such that the second largest size of capsules fit into tte void space between the largest capsules 
when the largest capsules are dose packed, the third largest capsules fit into the remaining vdd 
space and so forth for diminishing sizes of capsules. 
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26 A device aocorting to daim 25 with the composition of the different size grades of capsule being 
differem in order to ensure th« the different sizes of capsules have approximately the same 
stiffness constant. 



27 A device according to any of the above claims with the endo^ bladder being reversibly 
partitioned into segments by a movable damp which prevents the transfer of capsules between 
the segments. 

28 A device according to any Of the above danns with the addition t^ 

bladder shaped in its relaxed state such that an impact in the anticipated direction causes the 
shape of the bladder to change such that the volume of the bladder is reduced unless the surface 
area of the bladder increases elastically during the deforming process. 

29 A device aoHXding to any of the above dalnw with the addition that th^ 

bladder shaped in its relaxed state in the shape of a sphere or segment of a sphere. 

30 A device axording to any of claims 1 to 28 with the addition th^ 
bladder shaped in lis relaxed state in the ^lape of a cylinder or segn^ 

31 A device accor<ing to any of the above dainis with the shape of the bladder bea^ 
constrained by linking irtemal opposite faces of the bladder by ties, flextole ctoss members or by 
locally pefrnarierily bor^^ ^" " 
the bladder causing buk movement of the material within the bladder do not cause unwanted 
bulking in othtf parts of the bladder. 

32 A devk» according to any of the above claims with some at least of the capsules being linked 
tog«her by a plurafity of flexible fibres so that their relative movement is restricted. 

33 A device according to any of the atX)vedairns with sorne at least of the capsules bei^ 
sheets of flexibte material. 

34 A devk» according to any of the above clairns with parts at least of sorned thecal 

at least of the endosing vessel being manufactired from the same mouW, causing capsules to be 
permanently attached to the vi^alls of the vessel but still being substantially surrounded by the 
medium so that the capsules are subject to hydraulically transmitted pressure changes in the 
medium. 
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35 A device according to dawi 34 with the device taking the fomi ot a wedge which is built into the 
heei and/or sote of ashoe or other fonn of footwear. 

36 A device according to any of daims 1 to 34 with the device taking the form of a plurality of 
protective pads which are added to a helmet or other form of head wear or are othenmse attached 
to the wearers body fa protecting the head of the wearer. 

37 A device accadng to any of dainrisl to 34 with the device taking the fonrn^ 

pMedb/B pads which are added to gloves, mittmis or oth^ form of clothing or are otherwise 
attached to the wearers body for protecting the hands of the wearer. 

38 A device according to any of claims 1 to 34 with the device taking the form of a pluratty of 
pr^ective pads which are added to a jersey, jacket . underwear or other fomi of dcthing or are 
otherwise attached to the wearers body for protecting the upper body of the wearer. 

39 A device according to any of daims 1 to 34 vwth the device taking the form 
prmective pads which are added to a par d trousers, undenwear a other f^ 
otherwise atached to the wearers body for preceding the lower body of the we^er. 

40 A device aaxjrding to any ddalmsl to 34 with the device taking the fomi da 
whkrfi is attached to a vdiide bumper or other part d the vehicle, wim 
prded the body and/or contems of the vdtWer 

41 A device according to any ddairnsi to 34 with the device taking the form 

cover for a vehide steering wheel to cushkxi the impact forces If the driver collkies wfth the 
steering whed during a coUisbn. 

42 A device according to any of dainrisl to 34 with the dewicetakffig thefts 
to cushton the underskte of a saddle on an animals back. 

43 A device according to any of daims i to 34 with the device taking the fonn of a hand-grip on a tod 
or rther item d hand-hekJ equipmertt. 

44 A device aocordffig to any d dainris 1 to 34 with the device tak^ the form da p^ 
transmlsskm d vtoradons from the casing or interior d an item d hi^^ 

other vibraiton generating equipment to the surfaces with whk:h it Is in contact. 

RECTIFIED SHEET (RULE 91) 
ISA/EP 

03/19/2003, EAST Version: 1.03.0002 



W0 97/2S551 PCT/GB96/03243 

25 

45 A device according to any of the aboveclaims with the nwveable vwHed outer vessel or bladder 
being reinforced by the addition of constraining bands or coils made from metal or other suitable 
strong, stiff, resilient material. 

45 A device accor<ling to any of claims 1 to 26 with the ouer vessel having a moveaUa waU which 
takes the fomi of a movatrfe piston constrained to move by piston chamber walls. 

47 A device according to daim 46 with the oifler vessel having rigid walls and containing two material 
filled chambers separated by a piston with a piston shaft which is linked to the exterior of the 
vessel such that movement of the piston compresses the material In one of the chancers, 
reducing its volume and simultaneously causes a corresponcttig increase In volume of the 
second chamber. 

48 A device according to cfaim 47 with the two chambers having different volumes when on starelby 
duty and with the material m the two chambers offering different magnitudes of opposition forces 
to the movement of the piston when the piston moves such that the movement of the piston away 
from the neutral, standby position has different degrees of damping depending on the direction 
of piston movemoit 

49 A device according to claim 48 with the piston being modified by the addition of two sets of one 
way valves to the pfeton crown with the clearance or size of the sets of valves differing so that the 
viscous drag on the two opposite directions of travel of the piston differs, 

50 A device according to daim 49 with differing sizes of by pass lines and one way valves being 
added which connect the two chanbers so that the viscous drag on the two opposite directions 
of travel of the piston diffos. 

51 A device according to any of the above daims with the material being pre-stressed so that the 
pressure ^e the gas and/or medium when the device is in the relaxed state is in excess of 
normal atmospheric pressure. 

52 A device according to any of the above claims with some at least of the capsules beiig nested so 
that larger capsides enclose a plurality of smaller capsizes. 

53 A device according to any of the above claims with some at least of the capsules mduding one 
way valves wWch restrict the flow of the medium in a out of the capsule, depending on the 
direction altowed by the valve so that the material has different viscous and/or elastic properties on 
cnmoression and e)a>ansion. 
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54 A device according to any of dairos 1 to 34 a 45 to 53 with the device being incorporated into the 
construction of a building or other engineering structure in order to reduce the undesirable 
effects of earth tremors, wind or other induced vibrations on the structure. 

55 A device according to any of claims 1 to 26 with the vessel retaining the maerial being a hollow 
k>eam. 

56 A device according to any of claims 1 to 26 or 31 to 34 with the energy absorbing material forming 
a thin layer sandwiched between two parts of a component so thai the device provides 
constrained layer damping. 

57 A ctevice accading to claim 56 vwlh at least one of the faces of the component common with the 
constrained layer being pitted to restrain the transverse movement of the capsules. 

58 A device acconiing to any of the above dairm with at least or« of the wa^ 

vessel being shaped and made from a suitable material such that the wall crumples and absoitjs 
some of the energy during high mergy impacts. 

59 A device axording to any of claims 1 to 34 with the device taldng the form 0^ 

combined with a Kevlar (RTM) or similtf Ngh strength woven material to fomi stab and/or bullet 
proof armour, with the woven material being placed on the far side of the pad, away from the 
w«ms body with t^^ the weapon or projectile after it 

has made contact with the woven materiaL 

60 A <tevice according to daro 59 with a plurafityrf layers of ch^ 

woven material from the pad and wWi each layer of chain mail towards the dfrectton of the pad 
having an inaeasing open size of weave. 

61 A device according to any of the atx)ve claims with the medium being an electrorheological fluid 
and the necessary electrodes and other crcurt components being added to the device, allowing 
the viscosity of the medium to be v^ed by varying the dectric fieW strong^ 

parts of the fluid. 

62 A device according to any of the at)ovedaims with the medium being a^ 
magneloelectrorheological fluid and the necessary drcuit components being added to the 
device, allowing the viscosity of the medium to be varied by varying the magnrtic field strength 
across at least some parts of the fluid. 
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63 A device according to af^r of the abcwe claims with ai least some ol the capsules being made from 
dielectric material so that they behave in a manner similar to the dielectric particles in an 
electrorheologicai fluid, allowing the capsules to form chains which discourage their relative 
movement when inanersed In an electric field. 

64 A device according to any of the atxjve claims with at least some d the capsules incorpa*^ 
ferromagnetic material so that they behave in a manner similar to magnetic dipoies aBowing the 
capsules to form chains which discourage their relative movement when immersed in a magnetic 
field. 

65 A device according to any of the above daims with at least some of the capsules inoorporaling or 
having their walls coated with electrically conducting materials and appropriate electrodes and 
other circuit elements being added to induce or deposit charges on the surface of the capsules 
such that worK has to be done against the charges if the surface area of the capsules is reduced 

during hnpact. 

66 Adeviceaccordingtoanyoftheaboveclaimswithatleastsomeotthecapsuleshavingatieast 

one open interface between the gas and medium with these capsules having insulating walls 
coated externally with electricalV conducting material with the outer wall of these capsulK 

connected to an electrode wire and a second certral coaxial electrode being threaded through 
the capsules allowing an electric field to be set up Inside the capsule for the purpose of exploiting 
electrorheologicai phenomerron as In daim eiv - 

67 A device according to daim 66 with the Inclusion of electric circuits which allow the electric fields 
inside different capsules to be altered independently. 

68 A device according to daim 66 with the endosing vessel a bladder being partitioned imose^ 
to prevent or minimise the flow of the medium between sections. 

69 A device according to daim 66. 67 or 68 with at least some of the capsules induding internal 
coaxial coils connected to external power supplies aBowing the gas inside individual capsules to 
be heated to increase the gas pressire. 

70 A device according to daim 66. 67. 68 or 69 with at least some of the capsules including internal 
coaxial coils connected to external power supplies allowing individual capsules to act as magnetic 
dipoies when a current passes through the coils causing magneto^lectrorheological pa/tides to 
aUgn themselves along the magnetic field lines of the d^wles. 
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A device according to any of daims.l to 34 with the liquid medium being a fuel or other liquid in 
transportation. 

A device according to claim 71 with the liquid storing bladder and a second bladder being retained 
inside a fixed volume vessel with the second bladder being inflated at a controlled rate in order to 
apply pressure on the first bladder in order to prevent the build-up of vapour in the first bladder 
and/or to pump the liquid out of the first bladder when required. 

A device accading to any of claims 1 to 34 in the shape 01 a large O ring which acts as a buffer 
facilitate the docking of vehWes. including modules in space and also assists in seaUng the 
interfaces between docked vehicles. 

A device substantially as described or illustrated in this patent applicalion. 
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